Abstract-In intact cats, morphine hydrochloride (2.0 mg/kg, i.v.) depressed spon taneous discharge of the Purkinje cell in 8 of the 15 neurons tested. These effects of morphine were antagonized by naloxone hydrochloride (0.4 mg/kg, i.v.). This opiate significantly decreased the evoked potentials produced by superficial radial nerve (SR) stimulation in the molecular layer of the cerebellar cortex. Although morphine decreased the potentials evoked by SR or tooth pulp stimulation in the nucleus fastigii and nucleus interpositus, this drug hardly influenced them in the nucleus dentatus. In the decerebrated cats, morphine significantly increased the potentials evoked in the cerebellar cortices by SR stimulation. In the somatosensory area I (SSA-I) or motor area (MA)-lesioned cats, morphine decreased the cerebellar potentials evoked by SR stimulation, but increased them in the SSA-I and MA-lesioned cats. Naloxone antagonized these effects of morphine. From our results, it appears that the decreasing effects of morphine on the cerebellar potentials evoked by SR stimulation may be affected by the functions of the SSA-I and MA of the cerebral cortex and that morphine may influence the cerebellum.
Numerous studies on the effects of morphine on the central nervous system have been made to pharmacologically determine the mechanism of action of morphine to cause analgesia, emotional change and tolerance, etc. (1) (2) (3) (4) .
With regard to pharmacological studies with the cerebellum, the effects of nembutal (5), diphenylhydantoin (6) , and amphe tamine (7) on the Purkinje cells of the cerebellum have been reported. We have reported previously that CNS depressants and stimulants affected the cerebellar afferent pathways, probably in an indirect manner (8) , and that morphine depressed the potentials evoked in the cerebellar cortex by superficial radial nerve (SR) stimulation (9) .
In our present work, in order to study in detail the action of morphine on the cere bellum, we investigated the influence of morphine on spontaneous spike discharge of the Purkinje cell, on the evoked potentials produced by SR stimulation in the molecular layer of the cerebellar cortex, and on the evoked potentials produced by SR or by tooth pulp stimulation in three cerebellar nuclei. Furthermore, for the purpose of investigating these morphine-induced de creasing actions at the neuronal level, we also studied the effects of morphine on the evoked potentials in the cerebellar cortex using decerebrated cats and somatosensory area I or motor area-lesioned cats.
Materials and Methods
Fifty-seven adult cats (2.5-4.3 kg) of either sex were fixed on a stereotaxic instru ment (Narishige type) after anesthetization & K. TAGUCHI with ether, and a tracheal cannula wa,, inserted. Decerebrated cats were prepared by transection between the superior and inferioi colliculi. The motor area (MA) or the somatosensory area I (SSA-I)-lesioned cat: were made by the aspiration of the MA of SSA-I of the cerebral cortex. The femoraa vein was cannulated for the injection of drugs. The superficial radial nerve (SR) of the forelimb was dissected and cut at its peripheral end. The central part of the nerve end was placed on bipolar stimulating electrodes with a 2 mm polar separatior (platinum wires) and stimulated with rectangular pulses (0.1 Hz, 30 V, 1 msec) in a pool of warm liquid paraffin. To record the evoked potentials and the spontaneous discharge of the Purkinje cell, a part of the occipital bone was removed to expose the vermis which was then covered with a pool of warm liquid paraffin to prevent drying and to keep the temperature between 37-38'C, Evoked potentials in the molecular layer of the cerebellar cortex and the spontaneous discharge of the Purkinje cell were recorded from the vermis (lobules VI and VII) (10) of the cerebellar cortex with single-barrel glass microelectrodes filled with 3 M-KCI (resistance of 5-10 Mohm). The Purkinje cell discharge was identified by anatomical location and by the unit response to anti dromic stimulation of the white matter or the nucleus olivaris inferior (11) . When the stable spontaneous discharges of the Purkinje cell were maintained for 5-10 min after microelectrode insertion, the cell was judged not to be injured by electrode impalement. Stainless steel concentric electrodes with a diameter of 0.6 mm (tip separation 0.5 mm) were inserted stereotaxically in order to record evoked potentials in the cerebellar nuclei. The recording portions were the nucleus fastigii (FN: P, 9.0; L, 1.5; H, +1.0), nucleus interpositus (IN: P, 9.0; L, 5.0; H, +0.5), and nucleus dentatus (DN: P, 9.0; L, 7.0; H, -0.5), according to the atlas of Snider and Niemer (12) . A small hole was drilled into the dentine of the lower canine tooth, bipolar stainless steel electrodes (0.6 mm diameter, tip separation 0.5 mm) were inserted, and the electrode was covered with dental cement. The tooth pulp was stimulated electrically (0. Action potentials of the Purkinje cell were amplified by conventional means and monitored on an oscilloscope; and then they were coverted to a constant voltage pulse with a window discriminator for frequency counting.
For recording spontaneous activity, the window discriminator output was also led to a computor (a signal pro cessor) to construct pulse density variation histograms. The amplitude of the evoked potentials were measured from the baseline MORPHINE AND THE CAT CEREBELLUM 683
to the peak of a negative or positive wave. Peak time, which was the time from the stimuli to the peak of the negative or positive component, was measured. The drugs used in these studies were morphine hydrochloride (Sankyo) and naloxone hydrochloride (Endo Laboratories). Drugs for injection were dissolved in 0.9% saline.
The statistical significance of the data obtained was assessed using the two-tailed Student's t-test.
Results
The dose of morphine hydrochloride used in the present study was 2.0 mg/kg, which had been found to decrease the cerebellar cortical potentials evoked by the stimulation of the SR by about 50% in the previous study (9 In 3 of the neurons tested, morphine had no effect on the Purkinje cell spontaneous discharge. 2. Effects of morphine on evoked potentials in the cerebellar cortex (molecular layer in the vermal lobules VI and VII) produced by SR stimulation in the intact cat: The potential recorded at a depth of 300-400 /cm in the cerebellar cortex consisted mainly of a positive component, thus being in a mirror image relation to that recorded from the cerebellar surface. The peak time of the positive potential was 25.0±8.6 msec (n=5), and the amplitude was 231±17 ,eV (n=5) ( Fig. 2A and Table 1 ). Morphine maximally decreased, at 15-30 min, the amplitude of the evoked potentials by 47% without affecting the peak time; and this depressing action of morphine on the amplitude was antagonized by naloxone (Table 1 and Fig.  2A) .
3. Effects of morphine on the evoked potentials in the cerebellar nuclei produced by SR stimulation in the intact cat: The evoked potentials consisting of the negative and positive components were produced by SR stimulation (Fig. 2B and (Table 2) . Tooth pulp stimulation evoked the potentials with the negative and positive components in the DN, whose peak times were 1 6.0±4.5 msec and 40.8±7. 8 msec, respectively; and their amplitudes were 15.4±3.9 PV and 1 3.3±6.0 ,aV, respectively ( Table 2 ). As shown in by 31 % each at the MA lesion and by 37% and 24% at the SSA-I lesion, respectively. There was no significant parison with that in the intact cat. Morphine maximally increased at 30 min the amplitude of both components by 51% and 39%, respectively ( Table 1 ). The increasing action of morphine was antagonized by naloxone (Table 1 and Fig. 4 ).
Discussion
Concerning the inputs from the peripheral nerve to the cerebellum, the group la, lb, II, and III fibers from muscle and skin would be carrying touch, stretch, pressure, the guard hair follicles, or nociceptive information (13 15) . We previously reported that morphine depressed the cerebellar afferent pathways (9). Eccles et al. (16, 17) reported that the climbing fiber responses were produced by the superficial radial nerve (SR) stimulation in the cat cerebellar cortex, and that the response from the molecular layer was the mirror image of that from the granular layer, suggesting that the climbing fiber responses may reflect the activation of adjacent Purkinje cell bodies. In our present studies, morphine decreased significantly the amplitude of the positive component of the evoked potentials (Fig. 2 ) and the Purkinje cell spontaneous discharge as well (Fig. 1) . Thus, in support & K. TAGUCHI of the previous finding (9) that morphine depressed the inputs from the periphery to the Purkinje cells in the cerebellar cortex, the motor mechanism of the cerebellum was suggested to be influenced directly and indirectly by morphine.
With regard to the analgesic mechanism of morphine, Satoh et al. (3) (2, 19) reported that a local application of morphine in the subarachnoid space produced analgesia in rats, suggesting a direct inhibitory action on the spinal cord. In the present studies, morphine increased the cerebellar evoked potentials produced by peripheral nerve stimulation in the decere brated cat. Thus, concerning the pathways from the periphery to the cerebellum, morphine-induced depression in intact cats can not be explained based on morphine induced direct facilitation of the function of the descending inhibitory system (1, 3) and of that of the spinal cord (2, 19) . Therefore, pertaining to the effects of morphine on the pathways from the periphery to the cerebellum, another mechanism of action must be presumed.
cerebellum.
Morphine, however, depressed the evoked potentials produced in the cerebellar cortex by the peripheral nerve stimulation in the SSA-I or MA-lesioned cat, while this opiate increased them in the SSA-1 and MA-lesioned cat. Therefore, interaction between the function of SSA-I and that of MA may influence the action of morphine. The control amplitude of the positive compo nent of the potentials evoked by SR stimu lation in the SSA-I and MA-lesioned cats' cerebellum was significantly lower than that in the intact cat, but the control amplitude in the SSA-I and MA-lesioned cat showed no significant difference in comparison with that in the SSA-I or MA-lesioned cat (Table 1) . Thus, the neuronal functions of the MA and SSA-1 may be to facilitate the pathways from SR to the cerebellum, and it was suggested that morphine-induced de creasing actions of the potentials evoked by SR stimulation in the intact cat cerebellar cortex were due to the inhibition of the MA and SSA-I-induced facilitation.
In the cerebellar nuclei, morphine sig nificantly depressed the IN and FN-evoked potentials produced by peripheral nerve or tooth pulp stimulation, but did not influence the evoked potentials in the DN (Table 2) . Doba (23) reported that electrical stimulation of the ventral medial part of the FN produced grooming and predatory attack behavior and suggested the functional localization to be in the cerebellar nuclei. It was suggested by the present result that the cerebellar nuclei may possess functional localization because the evoked potentials in the FN and IN, but not DN, were depressed by morphine.
The fact that morphine enhanced the inputs from the periphery to the cerebellar cortex in the SSA-I and MA-lesioned cats may not be directly related to the analgesic mechanism.
It is conceivable, however, that morphine may influence functions of the cerebellum in motor and postural adjustments by modulating these cerebro-cerebellar pathways.
In conclusion, it was suggested that morphine depressed the inputs to the cere bellum. The functions of SSA-1 and MA of the cerebral cortex may play an important role in the inhibitory action of morphine on the evoked potentials in the cerebellum.
